Bmp5 thus obtained were conducted in a manner identical to that described previously. 1 Assays for preparative scale isolation of 4 and 5 relied on a phosphite dehydrogenase dependent NADH regeneration system. 2 M. mediterranea MMB-1 Bmp7 was expressed, purified and assayed in a manner identical to that described for Pseudoalteromonas luteoviolacea 2ta16 Bmp7. 1 Preparative scale assays using 5 as the substrate relied on a phosphite dehydrogenase dependent NADH regeneration system.
2
In vivo assays for the biosynthesis and coupling of bromophenols and bromocatechols:
M. mediteranea MMB-1 Bmp5 was cloned in the MCS2 site of pRSF-Duet vector using NdeI and XhoI restriction sites that were introduced using appropriately designed PCR primers. Figure 7 . A mixture of 6-7 were then synthesized by bromination of 5 with one equivalent of bromine as described in literature. 4 Specifically, 142 mg 5 was dissolved in 1 mL acetic acid. To this, 30 µL bromine (SigmaAldrich 207888) dissolved in 1 mL acetic acid was added at room temperature. The reaction was allowed to proceed at room temperature for 12 h. 
Supplementary Figure 42:
MS2 spectra corresponding to the species denoted by ■ in Figure 4b . The two major MS2 ions can be annotated as dibromophenol product ion, and a trihydroxylated monobromobenzene product ion. A likely deduced structure of the di-OH-BDE that corresponds to these two product ions is shown with the product ions boxed. Figure 4 . Assignment as a di-OH-BDE is supported by the MS2 spectra (panel h) that shows loss of hydroxyl, as well as a characteristic dibromobenzenediol MS2 ion (boxed). MS1 plots showing the presence of (i) mono-and (j) di-hydroxylated dibenzo-p-dioxins that respectively correspond to species denoted by • and ♦ as shown in the main text. Note the characteristic loss of two protons between panels g and i that is analogous to the in vitro observation described in Figure 4 .
Supplementary Figure 44:
Metabolomic analysis of Dysidea spp. sponge extract reveals the concomitant presence of polybrominated molecules likely derived from bromophenols and bromocatechols. The sponge extract, generated as described in Supplementary Figure 12 was analyzed by LC-MS/MS using elution gradient II. Numerous polybrominated phenolic molecules could be identified, guided in part by the characteristic isotopic distribution of polybrominated species. Six of these species, along with their molecular formulae as determined by high resolution mass spectrometry are shown above. (a) Three tribrominated molecules that differ in the number of oxygen atoms and thus likely originate via differential homo-and hetero-coupling of bromophenols and bromocatechols elute together. Molecular formula C 12 H 7 Br 3 O 2 corresponds to tribrominated OH-BDE species that have never before been described from Dysidea, but has instead been isolated from marine algae, 5 and shown to be produced by bromophenol-bromophenol coupling by marine bacteria. 1 Molecular formula C 12 H 7 Br 3 O 3 corresponds to a di-OH-BDE generated by bromophenol-bromocatechol coupling, and corresponds to the species denoted by ■ Figure 4 . Note that this species has also never been described from marine sponges before. Molecular formula C 12 H 5 Br 3 O 4 corresponds to the species denoted by ♦ Figure 3 , and has never been isolated from sponges before. As shown in Figure 3 , this species likely originates via bromocatecholbromocatechol coupling. (b) Three tetrabrominated molecules that differ in the number of oxygen atoms, and by methylation of di-OH-BDEs. Molecular formula C 12 H 6 Br 4 O 2 corresponds to an OH-BDE. Judging by the very high amounts of this molecule present within the sponge, prior literature 6,7-8 leads to a postulate of its identity as 2'OH-BDE-68, a molecule shown to be generated by bromophenol-bromophenol coupling. 1 Note that the MS1 spectrum of this molecule has been truncated for illustrative purposes to allow for demonstration of spectra related to other species concomitantly eluting in the LC-MS/MS run. Molecular formula C 12 H 6 Br 4 O 3 corresponds to a di-OH-BDE, likely generated via bromophenol-bromocatechol coupling. di-OH-BDEs pertaining to this formula have been described from Dysidea sponges previously. 7, 9 Molecular formula C 13 H 8 Br 4 O 3 corresponds to a di-OH-BDE in which one of the hydroxyl oxygen atoms has been methylated. Again, there is literature precedence for the presence of methylated di-OH-BDEs corresponding to this molecular formula from Dysidea spp. sponges. 6, 9 Thus, marine invertebrates such as Dysidea spp. sponges concomitantly harbor polybrominated molecules that are derived from both bromophenol and bromocatechol initiators. The complexity of the sponge extract, and the non-equitable amounts of different polybrominated molecules present makes comprehensive structural elucidation of all different species an analytical challenge. This has likely masked the description of several low abundance species in literature.
